Introduction
Pterygium is a benign fibrovascular growth of the conjunctiva over the cornea. It is a common disease in tropical and subtropical regions with a worldwide prevalence of 2%-7%. 1 Although historically described as a degenerative condition, it is more closely associated with inflammation and progressive fibrovascular proliferation.
The pathogenesis of pterygium includes inflammation, fibrovascular proliferation, and angiogenesis, which is responsible for pterygium formation and progression. 4 Several studies confirmed that increased levels of vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), transforming growth factor-beta (TGF-β), and platelet-derived growth factor secreted by fibroblasts and inflammatory cells are associated with the primary formation and recurrence of pterygia. 5 Lee et al 6 confirmed that VEGF is selectively elaborated by two cells, T-helper and type 2 lymphocytes.
Formation of new blood vessels from preexisting vasculature is called angiogenesis, and it is involved in a large number of physiological processes, such as growth and differentiation, ovulation, and would healing. It may also be involved in pathological conditions, such as neoplasia and proliferative eye diseases, such as proliferative diabetic retinopathy and neovascular glaucoma, which cause severe visual loss. 7 New vascularization is associated with the activation of cell-derived angiogenic factors with synthesis of extracellular matrix responsible for anchorage of migrating endothelium. 8 The surgical treatment of pterygium focuses on the excision and prevention of recurrence. 9 Recurrent pterygia are more aggressive and dangerous than primary ones because the underlying cornea may be thinner, the extensive proliferation adversely affects visual acuity, and further recurrence after the second surgery is common. 10 The recurrence is mainly due to accelerated fibroblastic proliferation produced by the trauma of operation much in the same way as the production of keloid tissue. Fibroblastic proliferation and invasion adequately explain the clinical appearance and behavior of a pterygium with some histological support. 2 Mitomycin C (MMC) is an alkylating agent with cytotoxic effects, which inhibits DNA synthesis and is widely used in ophthalmology. MMC leads to the death of cells caused by the inability to repair the genotoxic injury caused by alkylation. It acts against all cells regardless of the cell cycle and even acts in cells that are not synthesizing DNA. Inhibition of DNA synthesis leads to inhibition of mitoses, especially when MMC comes into contact with cells that are in the late G1 and early S phases of the cell cycle. [11] [12] [13] The topical application of MMC following the excision of pterygium can reduce the rate of recurrence. However, its apoptotic effects can cause serious complications such as scleral thinning and ischemia.
14 With subconjunctival injection of MMC, the epithelial and scleral toxicities can be diminished. The subconjunctival route also allows exact dose delivery, which is equivalent to approximately one drop of 0.2 mg/mL of MMC, rather than the inexact and substantially higher dosing with sponge delivery during ocular surgery. 15 Bevacizumab (Avastin ® ; Genentech, Inc, San Francisco, CA, USA) is a humanized monoclonal antibody to VEGF used by intravenous route and approved mainly for the treatment of colorectal cancer. 16 Various clinical studies across the world applied bevacizumab for intravitreal administration and confirmed its safety and efficacy in wet age-related macular degeneration and macularedema. 17 In patients with impending recurrent pterygium, marked regression of limbal-conjunctival neovessels and longstanding delayed recurrence have been reported with the use of topical bevacizumab. 18 We thought of coupling the antifibrotic effect of MMC with the antivascular effect of bevacizumab in order to obtain a lower recurrence rate than that obtained by either of the two drugs alone with reduction of MMC concentration to decrease the complications. Hence, this study aimed to determine the safety, efficacy, and histological effects of subconjunctival combined injection of both bevacizumab and MMC 1 month before the excision of the primary pterygium using the bare sclera technique.
Patients and methods
This prospective study was conducted at the Department of Ophthalmology of Sohag University Hospital, Egypt, in the period between January and June 2013. Twenty eyes of 20 patients with primary pterygia measuring $4.5 mm 2 in the surface area were included in this study. The exclusion criteria included patients with other ocular diseases, eg, iritis, herpetic keratitis, glaucoma, and cataract or previous ocular surgery, including previous pterygium surgery, as well as any predisposing condition to ulceration or poor wound healing, such as dry eye or atopic keratoconjunctivitis. Pregnant or lactating women and patients with a history of strokes or thrombus elsewhere in the body were also excluded.
This study followed the tenets of the Declaration of Helsinki, and an approval was obtained from the ethics committee of Sohag Faculty of Medicine. A written informed consent was signed by every patient after full explanation of the technique and the possible complications of the procedure.
A complete ocular examination, including measurement of the uncorrected and best corrected visual acuity and refractive state, and a photographic documentation of the pterygia were performed for each patient before surgery. The surface area of the pterygium in square millimeters was calculated by multiplying the height of the pterygium by half its base, with the height measured as the distance from the apex to the limbus and the base measured at the limbus. 
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Preoperative subconjunctival combined injection of bevacizumab and MMC One month before the surgery, a subpterygium injection of 0.1 mL of MMC (0.1 mg/mL) with 0.1 mL of Avastin (1.25 mg/0.1 mL) using an insulin syringe under topical anesthesia was done (Figure 1 ). The MMC was freshly prepared on the day of injection using sterile distilled water as a diluent to achieve a concentration of 0.1 mg/mL. All patients were operated by the first author. Each pterygium was excised, and the bare sclera was minimally cauterized if needed.
All the excised tissues were sent for histological and immunohistological analyses. The findings were compared with the histological features of pterygia of two patients who did not have preoperative injection of Avastin or MMC and rather had conjunctival autografts to prevent recurrence. These two patients used as control for histological comparison had the same exclusion criteria as the preinjected patients. The excised pterygia were washed with saline and immersed in 10% neutral formalin. Fixed tissues were processed for preparation of serial paraffin sections of 5 µm thickness that were subjected to 19 1. Hematoxylin and eosin staining for general histological examination. 2. Light green staining for collagen fibers 3. Immunohistochemical staining for CD31 antibody to assess the microvessel density by avidin-biotin-peroxidase complex method. The tissues were deparaffinized in xylene and then rehydrated. They were immersed in citrate buffer (0.1 mL, pH 0.6) and put in the microwave for 12 min. After that, all sections were treated for 10 min with 0.3% hydrogen peroxide. CD31 monoclonal antibody (dilution 1/50; Dako) was applied overnight at 4°C, and then, the process was completed with the addition of secondary antibody. Positive control slides were included in all cases, as well as negative control (omitting the step of primary antibody). The reaction appeared as brownish membranous reaction.
Morphometric and statistical analyses
All measurements were taken using the image analyzer (Leica Q 500 MC program; Leica, Wetzlar, Germany) in the Department of Histology, Sohag Faculty of Medicine, Sohag University. Examinations were performed under five high-power fields per five different sections in each specimen. Microvessel density was evaluated by CD31 staining of vascular endothelial cells as described by Aspiotis et al. 20 Histological statistical analyses were performed using a paired t-test (SPSS program, Version 17; IBM Corporation, Somers, NY, USA), and the results are represented as mean ± standard error.
Postoperative topical antibiotic (moxifloxacin 0.5%) was administered four times daily for 1 week, and steroid (prednisolone acetate 0.5%) was administered four times daily with gradual withdrawal for 6 weeks. All patients were examined after 1 day, 1 week, 1 month, 3 months, and then every 6 months for 2 years. The postoperative recurrence was classified into the following four grades: 9 Grade 1: no vessels at the surgical site with healthy normal conjunctiva.
Grade 2: fine episcleral vessels at the surgical site l with healthy cojunctiva.
Grade 3: fibrovascular tissue localized to the area of excision not extending to the cornea; however, the fibrovascular proliferation impending actual recurrence.
Grade 4: a true recurrence with fibrovascular tissue covering the excision area and invading the cornea.
In this study, we considered the first and second grades as no recurrence, while the third grade was considered as an early recurrence and the fourth grade as recurrent pterygium.
Results
This study included 20 eyes of 20 patients with primary pterygia, including 13 males (65% of 20 patients) and 7 females (35% of 20 patients) with the age ranging from 44 to 68 years (mean of 58±2.8 years).
The affected eye was right in 12 eyes (60% of 20 patients) and left in 8 eyes (40% of 20 patients), and the follow-up period ranged from 25 to 36 months with a mean of 30±3.4 months.
The preoperative spherical refractive error ranged between Table 1 shows the preoperative data of 20 patients involved in our study, while Table 2 shows the data of the two cases used as control for histological comparison.
On the first postoperative day, all patients had corneal epithelial defects, which healed completely within 1 week with no corneal fluorescein staining. Diffuse punctate epithelial erosions with excessive photophobia was seen in one eye (5%) that resolved with topical lubricants within 1 month postoperatively.
Subconjunctival hemorrhage during sublesional injection occurred in one case (5%), persisted for 2 weeks, and resolved spontaneously.
As regards the postoperative recurrence (Figure 2 ), 1. Of the 19 eyes, 12 eyes (60% of 20 patients) with no recurrence were classified as first grade and 7 eyes (35% of 20 patients) were classified as second grade. 2. One eye (5% of 20 patients) was classified as third stage (early recurrence): this case with early recurrence was the same one that had subconjunctival hemorrhage during preoperative injection. This patient was followed up for 33 months without progression from the third to the fourth stage. 3. No cases were classified as fourth stage of recurrence. 4. The two patients used as control for histological comparison were followed up for 24 months, with no recurrence detected and classified as grade 1. There were no serious complications, such as scleral thinning or melting, corneal decompensation, postoperative iritis, cataract, and glaucoma, detected in any patient during the follow-up period.
Histological comparison was conducted between the noninjected and preinjected pterygia. The noninjected pterygia sections showed alternative thin and thick areas in the surface epithelium. Some goblet cells were arranged as intraepithelial glands. Some areas of hyaloid degeneration of collagen fibers and numerous nuclei of fibroblast cells were seen (Figures 3-5 ). Using CD31 
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Preoperative subconjunctival combined injection of bevacizumab and MMC staining, more intense angiogenic activity was observed in the conjunctival tissue, especially at the subepithelial area ( Figure 6 ). The preinjected pterygia sections had an apparent decrease in the number of goblet and fibroblast cells with less inflammatory cellular infiltration and absence of neovascularization (Figures 7 and 8 ). CD31 staining also revealed an apparent decrease in the positive immunostained cells (Figure 9 ).
There was also a significant increase in the mean of area percentage of collagen fibers in the treated pterygia (30.51±0.9) compared to that in the untreated group (16.07±1.2), as well as a significant decrease in microvessel density in the injected pterygia (10.57±1.4) compared to that in the noninjected ones (21.83±1.8) (P#0.05) (Figure 10 Figure 10 The mean of area percentage of collagen fibers and microvessel density of CD31 of the two groups.
Area percentage

Discussion
Pterygium is a benign fibrovascular growth of the conjunctiva over the cornea. Due to high prevalence in the world, especially in our tropical sunny and dusty countries with high recurrence rate, pterygium has always been a major problem for ophthalmologists. 21 In this study, we tried to overcome this problem by the use of two famous drugs widely used in ophthalmology. The first drug is MMC with well-known antifibroblastic activity, which has been used intraoperatively since 1988 as an adjunctive therapy during pterygium excision to prevent recurrence. 22 The second drug is bevacizumab with anti-VEGF activity to reduce the vascularization, which is the main cause of recurrence. 23 The strength of the current study is using a combination of bevacizumab and MMC subconjunctivally before the bare sclera excision of primary pterygium. One eye (4%) was complicated by subconjunctival hemorrhage that resolved within 2 weeks. Another eye (4%) was complicated by punctate epithelial erosions that resolved within 1 month with lubricants and steroids. As regards the recurrence rate, there was only one case (4%) with fibrovascular proliferation at the site of excision without crossing the limbus into the cornea. This is considered as no recurrence that appeared after 13 months, increased slightly within 33 months, and occurred in the same eye that was complicated by intraoperative subconjunctival hemorrhage, which may suggest that the coagulated blood enhanced the fibroblastic activity. In this study, we decreased the concentration of MMC to avoid serious ophthalmological complications as we used 0.1/mL, which is lower than the concentration used in most of the previous studies, ranging from 0.2 to 0.15/mL. We also applied both drugs through the subconjunctival route to control the dose and decrease the effect on the ocular surface. No serious complications were Clinical Ophthalmology 2017:11 submit your manuscript | www.dovepress.com
Dovepress
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Preoperative subconjunctival combined injection of bevacizumab and MMC reported. The lack of recurrence is probably due to the use of combination of two drugs with synergistic effect, while the low concentration of MMC (0.1 mg/mL) decreased the incidence of complications.
In order to increase its efficacy and decrease its epithelial toxicity, Donnenfeld et al 15 injected MMC in the head of pterygium 1 month before pterygium excision. They delivered MMC subconjunctivally to minimize the exposure to the ocular surface and reduce the epithelial stem cell toxicity associated with topical application. They used 0.1 mL of 0.15 mg/mL concentration because this concentration is slightly higher than the therapeutic window but well below the toxic level associated with cell death. They included 36 eyes in their study and reported recurrence in two patients (6%) after a mean follow-up period of 24.4 months. The route of administration of the drug matches with our study; however, the concentration of MMC in our study was reduced by 50% to avoid complications. The recurrence rate is less in the current study in comparison to theirs; however, the number of cases is less in our study.
Ghoneim et al 24 compared the efficacy of a preoperative subconjunctival injection of 0.15 mg/mL of MMC 1 day before the bare sclera excision with an intraoperative application of MMC. In their study, the rates of recurrence were 5.7% in the previously injected pterygia and 8.57% in topical application after 1 year of follow-up. The complications in their study were scleral thinning that occurred in one eye in each group and resolved by 5 months postoperatively. In contrast to our study, no recurrence or scleral thinning occurred with longer follow-up period due to the synergistic effect of both drugs and the decreased concentration of MMC.
VEGF has been shown to be increased in the pterygium tissue and may be strongly involved in its pathogenesis, 25, 26 and hence an anti-VEGF therapy may be used for inducing regression of blood vessels and size of pterygium and prevention of recurrence. 27 Teng et al 28 were the first to report a case of subconjunctival injection of bevacizumab in primary pterygium. They injected 1.25/0.05 mL of bevacizumab subconjunctivally into an inflamed primary pterygium at the limbus. Although the signs and symptoms of inflammation and neovascularization regressed rapidly, the effect was short term, lasting ~2 weeks. The transient effect was likely related to the limited bioavailability of the drug in the setting of continued VEGF expression. In the current study, we surgically removed the pterygia after injection using the bare scleral technique as we thought that it was a radical solution to the problem.
Shenasi et al 29 in their study after subconjunctival bevacizumab injection immediately after the excision of primary pterygium found that the recurrence rate was lower in these patients. In the current study, we thought that 1 month before surgery allowed good time for drug application and tissue preparation than intraoperative use. In their randomized clinical trial, Razeghinejad and Banifatemi 30 performed pterygium excision with a rotational conjunctival flap for 44 patients with primary pterygium. The patients were randomized into the following two groups: group 1 received a total of 7.5 mg subconjunctival bevacizumab (5 mg/0.2 mL on the day of surgery and 2.5 mg/0.1 mL on the fourth day after surgery) and group 2 received subconjunctival balanced salt solution in the same manner. After 6 months, four patients in group 1 versus eight patients in group 2 (P=0.17) had fibrovascular tissue crossing the limbus. They concluded that the frequency of fibrovascular tissue crossing the limbus in the bevacizumab group was half that in the BSS group; however, the difference failed to reach a statistically significant level. The concentration of bivacizumab used was higher than that used in our study, with higher recurrence rate, which may be due to the use of MMC in our study.
In contrast to our study and most of the previous studies on the use of bivacizumab in pterygium surgery, Maha et al 31 and Mohamed et al 32 found that a subconjunctival injection of 1.25 mg/0.05 mL of bevacizumab at the end of the surgery did not result in a statistically significant difference in the recurrence rates or postoperative conjunctival erythema with discomfort, lacrimation, photophobia, or healing of corneal epithelial defects after pterygium excision.
The histological examination of noninjected patients showed that the covering epithelium containing numerous goblet cells collected in the form of intraepithelial glands. This might be due to the exposure to ultraviolet rays and dust particles in the air, which are the main predisposing factors for pterygium. The stroma showed inflammatory mononuclear cellular infiltration with dilated congested blood vessels and areas of degeneration of collagenous fibers. Similar findings were confirmed ultrastructurally by Chang et al 33 after subconjunctival injection of 0.1 mL of 0.15 mg/mL of MMC 1 month before the excision of pterygium.
In this study, the presence of abundant CD31-positive microvessels in noninjected pterygium was consistent with the previous reports of Aspiotis et al. 20 They considered that neoangiogenesis is an important pathogenic factor of pterygium. Previous studies added Clinical Ophthalmology 2017:11 submit your manuscript | www.dovepress.com
Dovepress
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alsmman et al that inflammatory cells in the stroma of pterygium secrete proinflammatory cytokines that lead to extracellular matrix remodeling and angiogenesis. Growth factors with potent angiogenic activity have been found to be secreted from fibroblasts and inflammatory pterygium cells. 5 In the current study, the usage of MMC and bevacizumab led to a significant decrease in CD31-positive cells and an apparent decrease in the inflammatory cellular infiltration and the number of fibroblasts and goblet cells. There was a significant increase in the area percentage of collagen fibers. This could be secondary to the anti-VEGF action of bevacizumab and the antifibroblastic activity of MMC. 22, 34 All the previous studies focused on the use of only one of these drugs to decrease the recurrence of pterygium. To the best of our knowledge, this study is the first to inject a combination of bevacizumab and MMC subconjunctivally before bare sclera excision of the primary pterygium.
Conclusion
The combined subconjunctival injection of bevacizumab and MMC 1 month before bare sclera excision of the primary pterygium is a safe and effective procedure that can further decrease the rate of recurrence without increasing the rate of complications. However, larger scale studies with longer follow-up periods are needed to prove this.
